INTRODUCTION
The tectonic history of the planet Mars has been dominated by the formation and evolution of several major volcanic provinces, notably those in the regions of Tharsis and Elysium. The Tharsis province, because it is the largest, has received the most attention. Two general categories of models have been proposed to explain the topography, gravity, and tectonic features of the Tharsis region. According to the first type of model, uplift of ancient lithosphere by a chemical or thermal anomaly in the crust or mantle created a broad topographic dome and led to widespread fracturing and to the emplacement of relatively thin volcanic plains units and isolated volcanic shields [Hartmann, 1973; Cart, 1974 Like the Tharsis region, the Elysium volcanic province is marked by both a topographic rise and a broad free air gravity anomaly [Sjogren, 1979; danle and Ropers, 1983] . The Elysium region also exhibits a complex assortment of tectonic and volcanic features. In this paper we test whether the competing models for the origin of tectonic features in Tharsis can be distinguished on the basis of how well they account for the tectonic evolution of Elysium. Specifically, we compare the characteristics of tectonic features in the Elysium region with the stress fields predicted both by volcanic loading and by uplift of the Martian lithosphere.
We begin with a brief description of the physiographic features in the Elysium region which are of probable tectonic origin. We then test the hypothesis that these features are the product of loading of the lithosphere. We consider loading at three different scales: local volcanic loading (individual shields), regional loading (at the scale of Elysium Planitia) of the lithosphere from above (volcanic plains) or below (flexural uplift), and quasi-global loading by Tharsis. By comparing the predicted stress fields from such models with the distribution and orientaticn of tectonic features, we evaluate the relative importance of' loading at these different scales, we constrain the mechanical properties of the Martian lithosphere, and we offer a further step toward a general understanding of the evolution of major volcanic provinces on Mars.
GEOLOGIC SETTING
The Elysium region (Figure 1 ) is the second largest volcanic province on Mars [Cart, 1973; Malin, 1977] . It consists of a broad topographic high, 2400 by 1700 km in extent and centered at about 25øN, 212øW, rising about 4 km above the phaestus Fossae [Schumm, 1974; Hiller, 1979] , Cerberus Rupes [Scott and Ailingham, 1976; Scott and Carr, 1978] , and the polygonal fracture set west-southwest of Elysium Mons.
The association of the linear depressions of Elysium Fossae with sinuous rilles, braided channels, and other erosional features of northwest Elysium indicates that they have at least been modified by volcanic or fluvial processes, a conclusion that also applies to the wider, flat-floored depressions. The consistent orientations of these features, however, are likely indicative of, and may have been controlled by, the direction of the regional stress field at the time of their formation [Carr, 1980 [Carr, , 1981 .
A system of ridges ( Figure 5 ), similar to lunar mare ridges [Maxwell, 1982; Chicarro et al., 1985] , is found at the eastern edge of Elysium Planitia (Figure 1 [Howard and Muehlberger, 1973; Muehlberger, 1974; Lucchitta, 1976 Lucchitta, , 1977 Sharpton and Head, 1982] .
Also found in the Elysium region, primarily to the northwest of Elysium Mons, are a number of sinuous depressions. Some of these features strongly resemble lunar sinuous rilles [Carr, 1981] , while others are wide and channellike, presum- [1985] ; they found that neglect of load growth probably introduces the most serious source of error for the estimation of lithospheric thickness but that this problem can be minimized by considering only tectonic features comparable in age to the youngest contribution to the load. The somewhat related problem that present topography and gravity must be used to constrain models for stress fields that gave rise to ancient tectonic features, while of serious concern for the complex Tharsis province, is lessened for Elysium by the simpler volcanic and tectonic history of the region.
Elysium Mons Loading
We consider first the hypothesis that the circumferential fractures surrounding Elysium Mons are the product of flexure of the lithosphere in response to that load. In a successful test of that hypothesis, Comer et al. [1985] found that a thickness of about 50 km for the elastic lithosphere yields a distri- ter while varying Young's modulus E and the load q by factors of 2 and 1.5, respectively, greater than and less than the values assumed by Comer et al. [1985] . These values represent our best estimate of the uncertainties in each of these quantities.
One such comparison for one of the widest graben is shown in Figure 7 . While the inferred maximum depth of normal faulting is somewhat shallower than that predicted from the intersection of the flexural stress distribution and Byerlee's law for extensional strength under "dry" conditions, the two predicted depths agree to within the estimated uncertainties in both the maximum fault depth and the flexural stress magnitudes. If the difference in these depths is real, it may be due to partial release of stress by the formation of neighboring graben, finite extensional strength of relatively unfractured surficial volcanic material, or a superposition of stresses from other sources. In all cases the faulting depth predicted from the intersection of the flexural stress curve with the extensional strength distribution under "wet" conditions is greater than that inferred from graben geometry. This comparison suggests that the depth of faulting inferred for the formation of concentric graben is consistent with a flexural origin as long as there was no significant reduction of maximum effective pressure by near-surface pore fluids during the period of graben formation. However, because of the large uncertainties in the predicted flexural stresses, the presence of pore fluids cannot be completely excluded.
Regional Scale Loading
The stresses due to any arbitrary surface load q(r) on a thin shell may be obtained by convolving the load with the stress tensor ao resulting from a point load of unit magnitude:
•(r) = ff q(r')•o(r-r') dA' A number of different combinations of loads for Elysium Planitia volcanic units and constructs were examined (Table  1) . Each of these individual loads corresponds to a surface excess mass in the gravity models of Janle and Ropers [1983] for the Elysium region. The Elysium Mons and Hecates Tholus loads correspond to the disc loads TD5 and TD4 of On the basis of a comparison of the stress models in Table 1 
